Production of phytase by Aspergillus japonicus URM 5633 was investigated by solid state fermentation (SSF) using cassava bast as substrate. The effects of temperature, pH and initial moisture on phytase production were studied using a full factorial design 2 3 . The maximum phytase activity was 174 U/g dry substrate. The optimum conditions for phytase production were pH 6.5 and 40% initial moisture at 26°C with 96 h of fermentation. A factorial design 2 2 was created to optimise phytase production, where the initial moisture and temperature were the variables studied. The parameters for phytase production were fixed at 30% initial moisture, 30°C and pH 5.5, and the maximum activity obtained was 183.1 U/g dry substrate. The effects of glucose concentration, nitrogen source type and nitrogen source concentration in phytase production was studied using the 2 3 factorial design. Nitrogen source concentration was significant for phytase activity and had a negative effect, indicating that smaller values increased enzyme activity. The optimum activity for phytase occurred at pH 3.6 and at an apparent optimum temperature of 60°C. Phytase was stable in the pH range of 2.4-3.0 at 30-70°C. The enzymatic activity increased significantly in the presence of FeSO 4 .
INTRODUCTION
Brazil is one of the largest producers of cassava in the world. The industrial process for the production of cassava derivatives generates large amounts of waste in the form of bark and bast. Currently, there is a high demand for use of industrial wastes as substrates to reduce the environmental impact and generate resources (Ferreira and Silva, 2011) .
Solid state fermentation (SSF) systems have generated much interest lately because they offer economical and practical advantages, including the use of agro-industrial residues as substrates for obtaining products with added value, higher concentration and improved recovery in *Corresponding author. E-mail: moreiralab@yahoo.com.br. Tel: +55 87 3764 5500. Fax: +55 87 3764 5520.
simple cultivation facilities with low capital investment and plant operation cost (Latifian et al., 2007) . In recent years, the use of filamentous fungi in SSF for the production of commercially important products has increased and has become an attractive alternative method for the production of enzymes such as phytases (Madeira et al., 2011; Awad et al., 2014) .
Phytic acid (myo-inositol 1,2,3,4,5,6-hexakis dihydrogen phosphate) and mixed cation salts of phytic acid, designated as phytate, are a group of organic phosphorus compounds found widely in nature, particularly in legumes, cereals and oilseed crops (Reddy et al., 1982) . Phytic acid, which is a constituent of animal feed, is not digested by monogastric animals and hence, creates problem in the availability of phosphorus in their diet (Mittal et al., 2011) . Phytases (EC 3.1.3.8 and EC 3.1.3.26) are the primary enzymes responsible for the hydrolytic degradation of phytic acid and its salts (phytates). In addition, phytase reduces the amounts of phosphorus entering the environment and problems resulting from eutrophication and chelation of nutrient factors from the soil because supplementation of the diets of monogastric animals with phytase reduces phosphate excretion in the faeces by up to 50% (Greiner and Konietzny, 2006) . In the past decade, there has been a great deal of interest in the study of microbial phytase producers and in optimising media and conditions with the aim of increasing yields to commercially feasible levels (Lan et al., 2002a, b) .
Phytase can be found in plants, bacteria, yeast, filamentous fungi and animals. However, among microorganisms, phytase activity has been most frequently observed in fungi, particularly in Aspergillus (Kim et al., 1999; Vats and Banerjee, 2002; Bhavsar et al., 2012; Cheng et al., 2012; Jafari-Tapeh et al., 2012; Akturk et al., 2013; Bhavsar et al., 2013) .
Most of the studies involving enzyme production have been done using one variable-at-a-time (OVAT) approach, providing a favorable range of individual parameters for maximum productivity (Sharma et al., 2009; Mishra and Malik, 2012; . However, these studies completely lacks in representing the effect of interaction between different factors. Recently, factorial experimental design and response surface methodology (RSM) have been a powerful tool of statistics which simplifies the optimization by studying the mutual interactions among variables over a range of values in a statistically valid manner, while reducing the number of experimental trials (Kaushik and Malik, 2011; . Some studies have utilized these tools statistical for optimization of different processes, e.g. in the enzyme production Maciel et al., 2011) , dyes and metals removal (Sharma et al., 2009; Kaushik and Malik, 2011) and control and growth of the microorganism (Mishra and Malik, 2012; . Thus, the aim of this study was to optimize phytase production by Aspergillus japonicus URM 5633 in SSF using cassava bast as substrate and to partially characterize this enzyme.
MATERIALS AND METHODS

Microorganisms
Twenty-two isolates of Aspergillus (Table 1) obtained from URM Culture Collection (WCDM 604), Federal University of Pernambuco, Recife, Brazil (Micoteca URM, 2013) were inoculated on malt extract agar (MEA: 20 g/L malt, 20 g/L glucose, 1 g/L peptone, 20 g/L agar) and maintained at 28°C.
Substrates
Several solid substrates, including cassava bast, crushed sunflower seeds, oat bran, rice bran, soursop umbu, soy flour and wheat bran, were used in SSF as substrates. Substrate particle sizes were 0.8-2.0 mm. The initial moisture of substrates was determined in accordance with the standards of the Institute Adolfo Lutz (Zenebon and Pascuet, 2005) . Phytase production by Aspergillus strains was investigated at 28°C and 50% initial moisture.
Screening of phytase-producing Aspergillus strains
Qualitative screening
Aspergillus isolates were screened in solid medium to select strains with higher potential for phytate degradation. For selection, Petri dishes with 6 cm in diameter, containing 7 mL of sterilised MEA medium, were inoculated with each isolate and incubated for 7 days at 30°C. A 6 mm plug was cut with a sterile cork borer from the colony periphery, transferred to the centre of the culture medium, as proposed by Couri and Farias (1995) , using commercial phytate (Sigma-Aldrich-St. Louis, USA) as a carbon source and incubated for 6 days at 30°C. Phytate degradation was identified by a clear halo zone around the fungal growth.
Screening of substrate for SSF
Aspergillus isolates producing larger zones of hydrolysis around their colony were selected for enzyme production in SSF. Fermentations were conducted using 250 mL Erlenmeyer flasks with 10.0 g of residue at 50% initial moisture and 28°C. The initial moisture of substrates was determined in accordance with the standards of the Institute Adolfo Lutz (Zenebon and Pascuet, 2005) . Flasks were sterilised at 65°C for 2 h in an oven and exposed to ultraviolet radiation for 2 h in a microbiological cabinet (Spier et al., 2008) . The substrate was moistened with sodium citrate buffer (0.1 M, pH 4.5) supplemented with 0.5% ammonium sulphate. The Petri dishes containing 7 mL of sterilised MEA medium were inoculated and incubated for 7 days at 30°C with each strain. Then, five plugs of 6 mm were cut with a sterile cork borer from the colony periphery to suspend the spores from the plugs in 30 mL of 0.02% Tween 80 solution. Spores were counted in a Neubauer counting chamber and a concentration of 10 7 spores/g of dry substrate was used for SSF. The fermentation was conducted for 120 h and samples were withdrawn every 24 h. A portion (5.0 g) of the fermented mixture was mixed with 30 mL of 0.1 M citrate buffer (pH 4.5). After maceration, the extract was clarified by filtration and centrifugation at 5,000 × g for 15 min (Spier et al., 2008) . The extracts were used at a dilution suitable for phytase activity determination. Im, Initial moisture (%) and T, temperature (°C).
Experimental design and statistical analysis
The influence of pH, initial moisture and temperature on phytase production was evaluated on the basis of a 2 3 factorial design (Bruns et al., 2006) and four central points. After the selection of variables that significantly influenced phytase production, enzyme production was optimised using a 2 2 factorial design (Table 2 ) maintained at a constant pH (pH 5.5), given that this did not influence phytase production.
The influence of glucose concen-tration, nitrogen source type and nitrogen source concentration on phytase production was evaluated (Table 3 ). All statistical analyses were performed with Statistic 8.0 software (Statistica, 2008) .
Enzyme assay
Phytase activity was determined by quantification of the phosphate released from phytate during an enzymatic reaction using the ammonium molybdate method with modifications described by Spier et al. (2010) . Sodium acetate buffer (350 μL, 100 mM, pH 4.5) containing sodium phytate (875 nmol) was used as substrate. After pre-incubation at 37°C for 10 min, the enzymatic reaction was initiated by the addition of enzyme extract (50 μL). The homogenised solution was incubated for 30 min at 37°C and a 1.5 mL solution consisting of ammonium molybdate 10 mM : H2SO4 5 N : acetone (1:1:2 v/v) and 1 M citric acid (100 mL) was added. The release of inorganic phosphorus was determined at an absorbance of 355 nm. One unit of phytase is defined as the amount of enzyme that releases 1 nmol of inorganic phosphorus per minute under the test conditions. Enzyme activity was expressed in units per gram of dry basis (U/g dry substrate). A standard curve was constructed with dibasic potassium phosphate at 10-600 nM/mL phosphate. Protein content was determined according to Bradford (1976) at 595 nm against a bovine serum albumin standard.
Enzyme characterization
Phytase activity from the crude enzymatic extract was measured at different pH and temperature values.
Optimum pH and temperature for enzyme activity
The effect of pH on phytase activity was measured using the following buffers: glycine-hydrochloric acid buffer 0.1M (pH 2.4-3.6); sodium acetate buffer 0.1 M (pH 3.6-6.0) and Tris-HCl 0.1 M (pH 6.5-8.0). The optimum temperature within the 30-90°C range was determined by incubation of the reaction mixture at optimum pH.
pH and temperature stability
Crude enzymatic extract was diluted (1:2) in the buffers (pH 2.4-8.0), and the aliquots were withdrawn for determination of specific activities at 0, 180 and 360 min. For determination of thermal stability, the crude enzymatic extract was incubated at temperatures of 25-80°C and aliquots were withdrawn for determination of specific activities at 0, 60, 120 and 180 min. ) and EDTA (final concentration of 10 and 100 mM) were mixed with enzyme extract solution in 2.5 mM sodium acetate buffer (pH 5.0) and incubated for 30 min at 50°C. Phytase activity was determined as described above.
Influence of divalent metal ions and EDTA on enzyme activity
RESULTS AND DISCUSSION
Fungi are important producers of extracellular enzymes and are relatively easy to grow in controlled environments (Santos, 2007) . Screening is often the first step to select microorganisms with characteristics intended for Industrial applications, which allows the characterization and selection of fungal strains with optimal enzyme production (Maciel et al., 2013) .
Aspergillus strains were evaluated for their ability to synthesise phytase in solid medium. Table 1 lists the strains screened for phytase production. A. japonicus URM 5633 was the most promising strain for fermentation studies. Since the fungal enzymes to be used in industry must not be contaminated with toxic metabolites, A. japonicus URM 5633 was tested for the presence of mycotoxins (ochratoxin A and fumonisin B 2 ), but these metabolites were not detected (data not shown). Gargova et al. (1997) on studying 203 fungal strains belonging to the genera Aspergillus, Mucor, Penicillium and Rhizopus, observed clear zones around 91.6% of the colonies. The Aspergillus species, A. oryzae (Chantasartrasamee et al., 2005) , A. ficcum (Bogar et al., (Casey and Walsh, 2003; Vassilev et al., 2007; Bhavsar et al., 2012; Bhavsar et al., 2013) were hypothesised to be good phytase producers. The production of phytase by A. japonicus URM 5633 on different agro-industrial substrates was assayed. All the substrates tested had phytase activity (Table 4) , though in varying degrees. Maximum enzyme productivity (11.3 ± 1.0 U/g dry substrate) was achieved with cassava bast, followed by wheat bran (11.0 ± 0.8 U/g dry substrate), whereas minimum productivity (2.7 ± 1.1 U/g dry substrate) was observed with soursop umbu. Roopesh et al. (2006) tested wheat bran, sesame oil cake and groundnut oil cake for phytase production. The mixture of wheat bran with sesame oil cake (1:1 ratio) resulted in better phytase activity (32.2 U/g dry substrate) using Mucor racemosus NRRL1994. Ramachandran et al. (2005) also found a higher production of phytase by Rhizopus oryzae NRRL 1891 by mixing coconut oil cake and sesame oil cake (1:1 ratio) (35 U/g dry substrate). Maximum enzyme productivity reported by Awad et al. (2014) was achieved with corn cope (46 ± 2.8 U/g dry substrate) followed by corn bran (41 ± 4.2 U/g dry substrate), whereas minimum productivity was obtained with sesame oil cake (8 U/g dry substrate). A combination of corn cobs and corn bran in 1:1 ratio enhanced phytase production to 57 ± 3.5 U/g dry substrate. Most studies involving SSF used a mixture of substrates for increased enzyme production, but this mixture was not done in our study. However, this work contributes to the knowledge of phytase production by different agro-industrial substrates that could be used in future work.
We attempted to optimise the production of the enzyme at different pH values, initial moisture and temperature. The phytase produced in SSF was assayed during 120 h, where the maximum activity was 174 U/g dry substrate at 96 h pH 6.5, 40% initial moisture and 26°C (Table 5 , Run 3). These conditions contribute to the large-scale phytase production, minimising costs and production time for the industry.
The phytase activity obtained with cassava bast was higher than that reported by Spier et al. (2008) . These authors obtained 51 U/g dry substrate using citric pulp as nitrogen source and 60% initial moisture after 96 h at 30°C in SSF with A. niger FS3 isolate. The optimum conditions for phytase production reported by Awad et al. (2014) were 27°C, pH 8.0 and 66% initial moisture content in SSF using Penicillium purpurogenum GE1. The use of cassava bast may be highly economical at the industrial scale for phytase production. Brazil has 10% of the world production and is the second largest cassava producer in the world. Thus, cassava bast is an abundant residue, obtained from the production of flour, with great viability for industrial use (Sousa et al., 2011) . A comparison of enzyme production by microorganisms is not easy, owing to the different growing conditions and methods used for determination of enzyme activities.
Fungi are considered the best adapted organisms for SSF, given that their hyphae can grow on the surface of particles and can penetrate to the interparticle spaces and colonise them (Santos et al., 2004) . Use of waste products in SSF has become a goal of many researchers because it provides a cheap medium and resolves the problems resulting from waste accumulation (Awad et al., 2014) .
The effects of the tested variables on phytase production at 96 h of SSF are described in Figure 1 . At positive values of a variable, phytase production is higher at higher levels of the variable, and at negative values the phytase production is higher at lower levels. Initial moisture and temperature had significant negative effects on phytase production. Temperature has played an important role in influencing the process parameters on the enzymes production response under solid state fermentation (Ustok et al., 2007) . The phytase production was enhanced at 40% initial moisture and 26°C. A similar result was reported by Awad et al. (2014) , who obtained maximum activity for phytase at 66% moisture content and 27°C and observed that increased levels of these variables in the fermentation medium led to reduction in enzyme productivity.
The two significant variables (initial moisture and temperature) influencing phytase production were further optimised using the 2 2 factorial design. The pH was maintained at 5.5 for 96 h of fermentation. Initial moisture and the temperature and initial moisture interaction (1 x 2) exerted significant negative effects on phytase production ( Figure 2 ). Maximum activity (183.1 U/g dry substrate) was obtained with 30% initial moisture at 30°C (Table 6 , Run 2). Initial moisture, temperature and pH were maintained at 30%, 30°C and 5.5, respectively, for assessing the interference of glucose concentration, nitrogen source type and nitrogen source concentration in phytase production. As shown in Figure 3 , only varying nitrogen source concentration had significant effects on phytase production. Some interactions had significant effects, showing a dependent relationship between them. The interaction of glucose concentration, nitrogen source type and nitrogen source concentration (1 x 2 x 3) showed a significant negative effect on phytase production, with decreased values of these variables resulting in increased enzyme activity. In contrast, the interaction of nitrogen source type and nitrogen source concentration (2 x 3) showed a significant positive effect, indicating that high levels of these variables increase enzyme activity.
Enzyme characterization
The effect of pH on phytase activity is shown in Figure 4 . The optimum activity for phytase occurred at pH 3.6. Phytase was stable in the pH range of 2.4-3.0. After incubation for 360 min at pH 2.4-8.0, >50% of the activity remained (Figure 4) . Maximum activity was obtained at 60°C ( Figure 5 ). Phytase was stable at 30-70°C, but activity decreased as temperature increased. However, at 80°C, 78% of the activity remained.
The optimum temperature and stability were within the typical temperature for phytase activity. Phytases from Aspergillus species usually exhibit optimum temperatures between 50 and 65°C (Vats and Banerjee, 2004) . Casey and Walsh (2003) observed increased activity at 65°C and at optimum pH of 5.0 for phytase from A. niger ATCC 9142. However, Escobin-Mopera et al. (2012) , working with phytase from Klebsiella pneumoniae 9-3B, observed a 15% reduction in enzyme activity at 60°C after only 10 min. These authors obtained highest enzyme activity at 50°C, which was stable even after 1 h of exposure. The maximum phytase activity was at pH 4.0, with broad pH stability from 2.0 to 7.0. Rani and Ghosh (2011) , working with R. oryzae for phytase production by SSF, obtained a lower apparent optimum temperature (45°C) and dual pH optima at 1.5 and 5.5. Probably, the most important factor among all the physical variables affecting the production of enzymes and metabolites is the incubation temperature, given that enzymatic activities are sensitive to temperature (Krishna, 2005 
Conclusions
The results demonstrated the feasibility of phytase production by the new isolate A. japonicus URM 5633 using cassava bast as substrate in SSF. The use of lowcost medium and a very simple technique for production of phytase, which is considered to be one of the most important enzymes, is a great benefit for food industry, chemical, pharmaceutical, leather industries, textile industries, in wastewater treatment and animal feed. The conditions of 30% initial moisture at 30°C and pH 5.5 with 96 h of incubation were the best for production of phytase using cassava bast as substrate in SSF. The optimum activity for phytase was at pH 3.6, and the apparent optimum temperature was 60°C. Phytase was stable in the pH range 2.4-3.0 at 30-70°C. Enzymatic activity was significantly increased in the presence of FeSO 4 . The optimisation of phytase production clearly demonstrated the influence of process parameters on the yield of the enzyme.
